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BA! GMOOMS OF THE INVENTION 

This •invention .relates to a pharmaceutical composition for oral mucosal 
delivery comprising as an active ingredient an inclusion complex of a 
selective Bj-adrenergic agonist or a salt thereof, and a eyetodexirin. 

$aifentsmol(4 hydroxy^ 

hoi j and oih 1 <: he too. * ~< a > metaproterenol 
terbutaline, pbhulerol, saimeterol fenbuterol, orciprenaline, fonnoterot, 
bexaprenabne. rsproterol, riraiterol, fenoterol. procaterol, raabuterot 
> i <- and hitolierol, axe useful for the treatment of reversible 

chronic obstructive pulmonary diseases. 

Asthtda is a chronic disease in which the patient suffers episodes of 
reversible airways obstruction, la common disorder occurring m about 
4-5% of the population. Fatalities can occur and mortality rates are reported 
to be increasing. 

The underlying cause of asthma is poorly understood, hut resistance to 
airflow is increased by a number of factors; 
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1 Constriction of airway smooth muscle 

2 The; presence of excessive secretions within the airway lumen 

3 fhiekenh t. > hei ft > 
muLOsn ^ ,s i tiki t ^ n - ^ v t ^ anu 
hypertrophy and hyperplasia. 

> rsthroa is a chros 'assay is 1 ph} i m* asoms 

to reduce u <a u> a* > ass <>• v > ^u.ik 

for the treatment of acute attacks, 

<he st n u ' i ? > i - <. o •> s ii o ^ u.p y 

8g0»ists. &>- adrenergic agonists relax the bronchial smooth muscle to 
produce bronchodiiatation by stimulating ^-adrenergic receptors. Short 
acting select , such as salbutamol or terbutaliue are the initial 

drugs of choice; if inhaled, they produce a bronchodiiating effect within 15 
minutes. 

inh ail} i i or the drugs 

to the desired site of action. The doses are approximately 5% of the dose 
required with oral ao'neraornuoa i -.owra a Tenia, ih^ oral t .e may also 
be neeessata Difficulties i rociated with the use of inhalers may be 
overcome by the use of spacing devices to act. as reservoirs for the dreg to 
make it. easier for the patient (especially a child) to inhale each dose. 

Chrook soru live] ao ay disease i COPT) )o>ve ra >y disorders 
of progressive airflow limitation including chronic bronchitis and 

mphysen Urdik thro the obstruction hrfl ela el} < i \ 
and essentially irreversible. COPD is a common disorder, frequently 

ssociated with cig ecuon ndronmentaJ (ollutka -"I 



urn k ~ 



3 

ccupation ! t post )r rsat 5 el.ud aptomat 5 
illiative therapy Kg i gent > irug thcrap 

the "til OPD consists of branch dii sag gent < e 
bronchospasm and any reversible component, of airway obstruction. The 

i itj Oi fit VI K ! . ! - 1 , ^O , > >v 

given by inhalation. 

As stated above, salbutamol and related flj-adrenergic agonists are 
administered either by inhalation or by the ovogastrie route. When 

t riniste d by ml t lutaraol produce ouchodilation 
within 15 minutes and effects are demonstrable for 3 to 4 hours. With 

erosol the* n 1 > i <> t t ed dose : i rs the lung 
much of the remainder is swallowed. Successful aerosol therapy requires that 
the • f > t 1 k > m 1 1 

particularly children and the elderly, do not use optimal techniques. 
Additionally, many allergic asthmatics suffer from mucous congestion of the 
respiratory tract which -further- reduces the absorption of inhaled 
brouchodiiaiors. 

Salbutum 1 

to first-pass metabolism in the liver and possibly the gut wail. The main 
metabolite is an inactive sulphate conjugate. It is rapidly excreted in the 
urine as metabolites and unchanged drug; there is some excretion in the 
faeces it hat. Ke< -ua es tJ th t dn maioutj of an inhaled dose is 
swallowed and absorbed from the gut (see Goodman & Oilman's The 
l Basts of *Vraf\ 1 1 4 > > " 1 ' 0 ep 'd 

p204). The plasma half-life of salbutamol ha.s been estimated to range from 
about 2 to as much as 7 hoars. 
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aim trati n ul ftamol by inhal f e t p o .v (\* h 

nnut >ronchod £ r a! it 1 »out fo o\ g 

conventional orogastric administration, the onset of action is within 30 

minutes, with a peak effect between 2 to 3 hours after the dose, and a 

duration of action of up to 6 hours (see M'ARTi'ND ALE , The Extra 
Pharmacopoeia, 3J*' ! Edition, p 1591). 

t o » i f ( 1 through the o seosa ha 

several advantages, partlcuJarly rapid systemic uptake with fast onset of 
therapeutic action and avoidance of presystemie metabolism. Both of these 
advantages 're especial!) ol eievas e to the esc c agonists 

in the treatment of reversible obstructive airways disease where rapid onset 
of action is desirable and where these compounds generally suffer extensive 
piESvstemu. irai v ! u to b w e wow ( a e rn ove^e-,fV 
lo w permeability of the membranes that line the oral cavity results m a low 
fltiXtof the Im icr ?s the uembraee fhcre is therefore a need to enhance 
the drug penetration to improve biovatiahtllty following oral mucosal drug 
delivery. There are several methods known in the art to deliver drugs to the 
oral mucosae. These include buccal and sublingual tablets or lozenges, 
adhesive patches, gels, solutions or sprays. 

The absorption of drugs from mucosal membranes may he enhanced by (1) 
w n i v 'a * * <. s 1 . i b : ui (. Mm 

of the drug, (Hi) addition of mucoadhesive agents to improve contact 
between the delivery system and die membrane and (iv) incorporation of so- 
called penetration enhancers. 

There are a number of penetration, enhancers known to influence the 
permeability of drugs across epithelial membranes (for a .recent review see 
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Walker. R.B. and Smith. E.W., Advanced Drug Delivery Reviews 1996, IS, 
295-30!]. 

Cyclodexirins iri *eh ierivatlves ha\ t 

compies s 

with a wide va:s:t> > ,s corneal r'R f -> < <. > 

KiuAvet A< >k'< m. !, .-> < s 1 1 \ Fro? tng C> fodexit ns 
in r> > (> ?o<p \!us\ r \u' f rave been used to 

evnm e in < v < ivs„ the 

solubility. Recently, eyclodextrins have been shown to have positive and 
x ? , ' 

International Journal of Pharmaceutics .1993, 1.15, 255-258), (Volhner, U. *r 
ai International Journal of Pharmaceutics 1993, 99, 51-58), (Legendre, J.Y. 
etat, European Journal of Pharmaceutical. Sciences 1995, 3, 311-322} and 
(Vollmer, U. et 4l> Journal of Pharmacy and Pharmacology 1994, 46, 19- 
22}]. 

Cyclodextrins are water soluble cone-shaped cyclic oligosaccharides 

ol the cone 

is hydrophobic whilst the exterior is hydrophtUk. The size of the cavity 
increases with increasing number of glucose units. Several cyclodextrin 
s \ ilkyl hydroxyaikyl an* ? tbaiSo ! t urn jcen 
prepared v s ^ f i -> h , > ? •> T 5 <* H i) 
Qxlvdextri - 1 Cluwer A > < S < 

Phannaeeutical Research 1995, 12 (9) S205)] Suitably sized hydrophobic 
"guest" molecules may enter the "host" cavity to form a classical host-guest 
"inclusion compound" or "inclusion complex" with either the entire guest 
molecule included or only a portion thereof. The driving mechanism for 
c] ■ i< dexS i in( lusion eonrp i i ■? iobk guest 
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molecule for the cavity of the cyci.odext.rin host molecule with displacement 
of cavhy water molecules to form a thermodynamic*!!} 1 more stable state. 
The term "complex stability" or stability of a given mch.isu>a complex refers 
to the association/dissociation equilibrium of host and guest m solution. 
Complex stability depends on the number of mtermoleeuiar bonding 
interactions between, the host and guest. Van der Waals forces and 
hydrophobia interactions are hie ma; a stabilising interactions in inclusion 

1 S Uvt\ 

1977, 99, 5146). Depending on the nature and position of hydrogen bonding 
t uce; the 

guest and hy droxy! groups of the cyelodextrm or other hydrogen bonding 
groups in the case of cyelodextrm derivatives. Ionic interactions between the 
host and guest are also possible in the case of ionic cyolodextrins such as 
sulphofeutyl ethers (Stella, VJ. et id, Pharmaceutical Research 1995. 12 (9) 
S205b 

Cyelodextrm inclusion complexes may be prepared on the basis of liquid 
state sohu wm ci t > t < < ononis f * 

vzepd ' echn viewer Academic Toss he first is 

accomplished by dissolving the J . \ i < guest m a suitable solvent 

. jmplex by 

er> tallisation i iporat > drying or free ir> a to t e solid state 

method i e wt < ; size and 

thoroughly mixed whereafter they are ground in a high energy mill with 
optional heating, screened and homogenized. In the semi-solid state reaction 
the two components are kneaded in the presence of small amounts of a 
suitable solvent, and the complex so-formed, is dried, screened and 
homogenized. The liquid state reaction generally provides optimum 
conditions fan oouq leteness 
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in 5 complexes of uh cyciodextrms and saibutamol in both the 
liquid and the solid state have been reported in the literature [see (H.M, 
Cabal Marques f. Hadgt md U „ H u 

Pharmaceutics. 63 (1990) 259-266)]. Caferal Marques el ai studied the 
nt i t o 1 > s dbuta o 'd < dpha ind t t t 
! o ho 1 Higuc > ?65 j 1 ! 7 

the> dete k \ i i \ t inh <. ta 

complexes increased in the order . « 

cyclodextrin 1 X I bs > o* < A k n >> <. J en.m » 

alpha-cyelodextrin. This increase in solubility was attributed to the 
accessibility of the ring of the saibutamo! molecule to interaction with the 
cyciodextrms. Overall, the cavity size of beta-eyclodextrins and its 
derivatives appear to be optimal for entrapment of the saibutamot molecule, 
„iik( n m4' < utu. I v v ho n iKo 

found that changes of temperature m the range 20-37 g C had only a minima! 
ettect on t t 

eyclodextrins. From the solubility studies it was also concluded that a 1:1 
molar complex 1 the only species tormed under the 1 >r studied. 
Stability constants of 66-69 and 62-153 M 4 were reported for beta- 
cyciodextrin and DIME 8 respective \ 

The solid beta-cyclodexu-iadsalbutamol complex was prepared by freeze- 
u \<jm b<s n u u t u, m- i, < •> i "e\tn\ and 

saibutamol were dissolved in water, then subjected to ffeeze-drying for 48 
honrs while ptoteet.-o o ' The > m t of a solid state 

inclusion complex obtained front freeze -drying was determined by 
Differential Scanning Catorirnetry. When guest molecules are incorporated 
In a eyclodextri cavitj their m t I Ion points 

\hi,l 50 dt,„ 0" 'ViJ , . J U ,.]'»>! wf ' < * S > ' 0 " i SJO "i 
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which the cyciodexirin is decomposed. The DSC thermogram for freeze 
salbun towed an endofhero t 43 IK aid th« >hysieal mi> 1 
freeze d ed bet clo trin a 1 to erxio ie £ t4 

The thermogram of the 'k.;,' complex .showed no endothermie peak 
duo k> he - 1 j. 
drying resulted in a true inclusion complex being formed. However, the lack 
ofathcura vor* >' * e , <. ~ .<» K s \ m \ ^ i mol could 

also indicate the amorphousnesx of the saJbutamol in the interstitial spaces 
of the beta-cyciodex&in, 

Cobuti \hu 

274) used Molecular Modelling artd Proton-NMR to assess the mode of 
inclusion of salbuiamol within the beta-CD cavity. Using Proton-NMR to 
don is fused on the shiei ling > f t te cyck>dextriu 
and drug, protons, if inclusion occurs, protons located within or near the 
cyelodexuriu c^o s should be trongh shie led fl IS ectra showed 
upflcla 'n < v. - ei«an<> uJ 

the salbntamol protons shifted downileld in the presence of beta- 
w 5 k\ n ! n J < ^ the aromatic protons were greater than 

those of tu „ - 'i [ 

interacts m \ beta-cyclodextrin te inn or protons of 

the cyclodextrin molecule were shielded as a result of the arusoiropy of the 
guest aromatic moiety. The highest shifts of beta-cyclodextrin protons 
occurred for a molar ratio of !;! (saibutarool; beta-cyclodextrin) indicating 
the probable stoichiometry of the complex. Molecular graphical computation 
showed t! n 1 > < > 1 " > j < 

relative to beta-cyclodextrin occurs when the aromatic ring of salbutamo! 
- u ) the cavity lei g s si ^ ! 1 externalised 
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Cahral Marques ; ; at { International Journal of Pharmaceutics, 7? (5991) 
303-30?) studied the fate of a freexe-dried 2-hydroxypropyl-8-cyelodexirin 
(HP-8-CD):xalbutamoi complex Mowing pulmonary administration in order 
to evaluate the possibility of obtaining sustained release of saibutamo! using 

UPiiC 1* as va k ! 1 ! ^ ! <■ 5 s 1 ! x f Hi 

and pharroaeo etic >f HI M2D saibutamo ompl \ s investigated m 
f< i t h< lit 

by means of the marginal ear vein and pulmonary administration via 
intratracheal instillation (i.t.) at the bifurcation of the trachea. Although the 
terminal half-life of salbotamol did not change significantly after 
eomplexation, the pulmonary absorption of saibutamo! as a complex was 
prolonged, as shown by its maximum plasma concentration which was 
observed approximately 23 minutes after instillation compared: to 
approximately 14 minutes for the uncomplexed Salbutarnol and also by the 
increased absorption time. After Lv. dosing the availability of the eomplexed 
saibutamo! was reduced to about 80% of that of the tree drug. They 
concluded that complexatian with BP-I5-CD did not sufficiently extend the 
saibutamo! release profile to justify its use as a sustained release inhalation 
formulation. 

Hirayama ei al (Pharmaceutical Sciences 1995, ft 517-520} investigated the 
effect of perbutanoyl-8-eyciodextrin i B t P a hydrophobic cyclodextrm 
derivative, on plasma salbutarnol levels after oral administration in dogs. The 
kneading method was used to prepare the sample of salbutamoi/7B~£~CD in 

i :1 mol u rati n ' 1 « Kent Alter t Irnini > < 

t s - , > ^\ rioioneednat ^ , ti< ' ' 

of higher and constats dbutamol levels in plasma \ as obta ne I The are 
under the plasma salbutarnol concentration curve up to 24 hours after 
administration of the saibmamoi/TB-8-CD complex was about 5 times that 



WtmOS820 



m fOGB* 023 J 



10 

of salbutamol alone. Furthermore, the plasma level of saibutamol 
glucoromde i majo metabolite ol tan i gniilcanth ower 
if n i u >! f the Ibut oi/TB-B-CD courpiex due Pes adm vi 

! iM . L 1 » O H S S ) k i , 1 t s 

ill ux o v 1 h,- 

authors concluded that TB-B-CD may be a useful carrier tor orally 
idmin tered water-soluble dt as v w h etab< o 

gastrointestinal tract. 

Heptakis B8) is derived rom beta- 

cyciodextrm where meihyiation has occurred selectively at carbon 2 and 6 
in each glucose subonit. Hxus* there- are 14 methyl groups per substituted 
eyctodextrm .molecule. This is the beta-oyclodextrm molecule used by Cabral 
\L que ! ui> 259 2o<< 

Randomiy methy.laied-iJ-eyclodexti-.in (RAMEB) is obtained from beta- 
eyckxlextr s where nsethyia oet y at carbons 2, 3, o 

6. Methylation may occur at all three positions, any two positions., or at one 
position only. Therefore, each glucose sub unit may have one. two or three 
methyl groups. The degree of substitution is expressed as the average 
nuoabe; 

Saibutamol base o * m > sulphate bave beers compiexed with various 
cyclodextrin u o dt to ! 1 Notably 

salbutamol t\ oo iexed ui1h perhn u-\i e io xuin (bhruyama 
1 I >uL 

995, 1 ;5 1 ?-5 C 2-hyi \ n t if abrai Marque IT 

M; Hadgraft, 1; Kellaway, i.W.t Taylor, Go International Journal of 
Pharmaceutics. 77 {1991} 303-307) in order to evaluate the possibility of 
obtaining sustained release following oral and pulmonary administration. 
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Complexes of salbutamoi base with aipha-cyckKiexrio, beta-eyclodextrm. 
gamma-cyciodextrm and hc| h-CMnethyl)-B-cycIodsxtru DIMS 

f ed I?) tc tudy the efft o v pe? ure and cyckjdextrin 
icentrat >n com; jbili ibral Ma x < - gi 

Kdlawav IV . > > < > i < > i . ■ - ' ; > > a <. a- , - ' > ' ; • i ^ > ! ! > N ! \ t > 

1 ' K, M 1 IJ !l ' l > vi > \ ' , <> UC~ti,> 

p\£ouh\ik <' i be < n! ^ ed to . .,-•> a i< < > a ! > 1 
within the beta-eyclodextrm cavity. The solid saihutamol inclusion 
; i ihuortunaidy fsee/e drvini ^ an 

expensive drying technique and does not yield a product with acceptable 
physical characterises. Trait is, the solid product obtained from ffztzt. 
drying docs not .have a suitable particle sine distribution, nor axe the flow 

( t ktv'h ,.s HUU > ^ < > U Of O- >k. g 

m re is a need t the 

transimscosai routes. 



SUMMARY OF THE INVENTION 

According to a first aspect of the invention there is provided a 
pharmaceutical composition for oral mucosal delivery comprising as an 
active ingredient an inclusion complex of (a) a selective hVadrenergic 
gomM ot * ^ bs i 1 1 

or substituted beta- or gamma-cyelodextrin, and a pharmaceutical!) 1 
acceptable carrier for oral mucosal dehver>. 

\ t > idrenergic agonist prefs H I. from th 

consisting of salbutamoi, metaproterenol. terbutaline, pirbuferoL, formoterol, 
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tlmetero e iter oi s i f ou 1 

iiie.t 5 ! < procat I, mab rol, barabutes b < < \ > < < 
earbuterol ci&n.baterob coterol eibrmoterol, tretoqamol and tuiobutero! and 
the pharmaceutical! v the ;ol such is for examph the 

sulphate, meihanesuifonate, hydrochloride, dthydrochioride, acetate or 
monoacetate sate. 

The selective tb-adrenergsc agonist is preferably saHnn.am.ol either m the 
form of the free base or in the form of a pharmaceutical!*' acceptable salt 
such as the .sulphate salt. 

The inclusion complex preferably has a sioichiorneiry of (a) to (b) of I ;I to 
1:10 mol/mol, more preferably 1:1 to 1:5 mol/mol most preferably 1:1 
mol/mol 

The "pharmaceutical composition may be formulated in the form of a buccal 
or sublingual tablet, lozenge, adhesive patch, get, solution or spray. 

Toe pharmaceutical comp tment oi a 

reversible obstructive airways disease such as asthma or the reversible 
component of chronic obstructive pulmonary diseases. 

According to a second aspect of the invention there is pxovided the use of 
an inclusion complex oi (a) a select <. or a 

pharmaceutical;}' acceptable salt thereof and (b) an urisubstituied or 
substituted beta- or gamma-cyclodextrin, in the manufacture of a 
I { xrrn ! ^ <. i co np i x oral mucosal deb\ r use i t metho 
of treatment of a reversible obstructive airways disease such as asthma or the 
reversible > p s of chrome obstructive pnlmonary di seases. 
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^ i lu e f i ! if < 1 men Uu-v e pt udiJ m-ah\i of 

treating a patient suSering iro j versi u i v^g 
k < uvi!M.< or-, vt *v to the oral mucosae of the patient an 
inclusion complex of (a) a selective ^-adrenergic agonist or a 
pharmaceutic I exgcdMe n f heme a.tx h . - -> o , or 
substituted beta- or gamma-cydodexirm. 

According to a fourth aspect of the invention there is provided an inclusion 
complex of saibutaniol base and randomly substituted mefnyi-heta- 
eyciodextrsr a nd 'o\„ ^ 

Figure of the accompany*! Irawings or the Fourk hto Infra-red 

spectrum of Figure 2 of the accompanying drawings. 

According to a fifth aspect of the invention there is provided an inclusion 
complex of salbutamoi base and 2-hydsoxypropyi-beta-cyclodextrin which 
has substantially the X -ray powder diffraction pattern of Figure 5 of the 
accompanying drawings or the Fourier Transform Infra-red spectrum of 
Figure 6 of the accompanying drawings. 



'Figure 1 shows an X-ray powder diffraction pattern of a I;l kneaded 
complex of salbutaasol base and randomly methyiated-B~ 
cyelodextrin obtained from Example 1; 

I J 'UK 2 SilOfi > ! v i s < 1 ! i s i 

complex of salbutamoJ base and randomly methyiated-8- 
cyelodextrin obtained from Example 1; 



wo >n mm" 
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Fists n 3 stv^ . >a, 5 ^ 1 s s 1 - <l . n.i ^ tur5n t 'r. of 
salbutamol base with a onset melting temperature of 1 5?°C and 
a sharp endotherrmc melting peak at 159*0; 

Ui i x s a j x > J Si Ikl ^ t ui 

xtrin obtained from Ex; np 1: 

Figure 5 shows an X-ray powder diffntctiro pam.-m ■•>;' t 1 kneaded 
i v IcJv^ no 

obtained from Example 2; 

Figure 6 shows a Fourier Transform infra-red spectrum of a 1 : 1 kneaded 
complex of saibixcimol base and * v n p 1 n ! J i 
obtained from Example 2; and 

Flame ~" . . a' ^ a > ^ * e t n n i v nu! ! i 1:1 

kneaded complex of salbutamol base and 2-hydroxypropyi-ft- 
t [ xtrm ^haloed iron i < 2 



i be crux oi the invention is. - phaxmac utical eompo stion for < rat mucosal 
dchverywm, : 1 
a selective ^-adrenergic agonist or a pharmaceutical ly acceptable salt thereof 
and t f " 1 nsi >m ) 1 oi t . 1 s oee hes a 

pbarmaceuticaliy acceptable carrier for oral mucosal delivery. 
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Examples of suitable compounds (a) are salhmamol metaproterenoh 
terbotalmv, parhuiere toimoterof sahueteoh ten -utoxv s-iv;prenakrie 
isoprenaline, k;xoprenaUn.e, reproteroh rimiteroh te.noi.eroh procateroi, 
5 a ceo ;ambu1 - > ! bitolts o roxaten < buu < es auero cotei 1 
efor n< ten i ! 

form of the free base, or in the form of a pharmaceuticalSy acceptable salt 
such as a suh„A nut ' Mti i n 1 h k diKdrochio <k or 

monoacetate s&H. 

The second component of the inclusion, complex ia an unsubstituted or 
.i I j .J beta- or ganuna-eydodextrhr 

Highly water soluble cydodextrihs such as 2mydroxypropylated or 
methylated or sulphoalkylated derivatives of beta-cycbdexrrin are the 
preferred cyclodexirios of the iavemfctv Oamma-cyclodextria or 2~ 
hydroxy propyl ated or methylated, or sulphoalkylated derivatives of gamma- 
cyciodextrin may also be used in the same manner as the corresponding 
preferred beta-cyelodexuin derivatives. The degree of substitution of (he 
ivciodextrin terivaiivs: rxm vary between 1 to 20 substitueats per 
cydedoxrirs m-aec e ' ni uvi - ohexo i tvu " h ' - cb-aruei ^ >v 
cyciodextrin molecule. When the cyciodextrin is 2-hydroxypropyI-beta« 
eyciodextrin, the preferred degree of substitution is between 3,9 and 5,1 

< i ow-ff^n gioups p. 
randomly \ cyciodextrin 
is between 13 and 2. methyl groups per glucose unit. 

v dil I tU |k\ ^ ! i i HP L K 

pastes of the drug active and cyciodextrin according to conventional 
! h Is he mola !i t >-f diu jetive < o <■ \ N r xy vai et\ 
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1:1 i { ore prefers! een 1:1 S and mos pre! 

about 1 Solutions ik prepao Its „ «t u in a 

Ifeient quantity of purified, de vat< y b i 

buffered between pH 7,4 and 8.5. The drug active is added to the solution 
it f m ' iKa II . v , > i sc spm> d-nme. 

Ke'cJrvs gorby« poratios d q us phase der re ed pressure 

, 1 if ! h 1 t ' v. i 

are mixed in the dry form. The powder mixture is wetted with water, 
optional!} - ntai > •» e p.H 7,4 - 8,5 while n > u vigorouslj until 
a paste or slurry is formed. The paste or slurry is mixed for 0,25 to 2 hours 
and is then dried in an oven or in vacuo at elevated tempetatnre. The dried 
complex obtained may be crushed or milled end sieved to the desired 
particle sixe. 

A pharmaeeutieally acceptable butter, capable of buffering in the nil range 
7: t 4-S,5 nuty be used in the formation of the inclusion complex, particularly 
when the drug active is present as a salt. Preferred buffers include 
trometharnme. trietbar.olami.ne, dieihanolammc and phosphate buffer. The 
concentration of the butter may vary from 0,1 to 5 molar equivalents relative 
to the drug active. 

The admtnatrauon o: a &ci eot'^ ' ' ' - v'c r,'e-M 

tissue of the mouth avoids the problems associated with administration of 
these drugs b > he drug entei ni 

e an > ddnaitt * utiii u «. t > \ uu Hm« 1 

> u o v .a n i ' 1 > *t to x ^5 ^e <. v of 

action and extensive metabolism in the gastrointestinal tract). 

Absorption of the drug from the pharmaceutical composition of the invention 
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1? 

hi lJj the os mucos N *s < >> such that the d i tense 

ch tion w his nw which is 1 ntageous for the rapid reli 

of bronchoeonstriction associated with a reversible obstructive airways 
disease such as asthma or the reversible component of chronic obstructive 

mm nary disess Furthej up i nt taste am m properties of 

the active are reduced by presenting the drug to the oral mucosal membranes 
in the form of a oyciodextrin inclusion complex. 

< Ik O's V ' ! < ! •> , 

ol 1 h>i N 1 aJjenciaa <.umi * v kiro m 

a molecular inclusion complex which may he used in the code form fox the 
"-epef oon • urn = <. . , -c xx >s lchvcts<sueh 

as buccal me gu ! > t ; ve patches, gel itio 

and sprays. 

Administration of a single dose of a sublingual tablet containing 4mg 
saibutai >> accotx \ to the invention \ \ i i lief of as na within 2 
minutes in two asthmatic patients. 

The complex according to the invention may he incorporated into a 
si * i 1 t. s s ' If c mmm.me $ <, ^ . < t. \\ > m ! > / 

Technologies Ltd patents (Eur, Pat. Anpb EF 95-650038 and PCT int. Appf 
WO 95/34293). 

The pharmaceutical composition of the invention may also contain, in 

fkihuon \> the pltannaceuf^ ^ \ -r\i 

other optional ingredients as are discussed below. 

Penetr is may be used to p omow K j ess u > { ! 
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active across the nsaeosal merrshrauei;. Typical permeation i t iochxie 
tatty icids and th« s tm cap i.n ; 

sodium oleate, and bile salts such as sodium giycoueoxychoiate, sodium 
glycocholate, sodium chelate and sodium taurodeoxyehoiate. Other 
penetration en sides or n 

polyethylene glycol 660 hydroxystearatc or polyoxyethyieue iauryl ethers,; 
cs;d tes ehitosan. 
t 1 i'toi o r.itiv. h n v. >ch » poi oxvetirOcne h s^' 
ether tad sot urn teaprateand 
sodusr fit e Ko k s^ 1 be pea, t s , >*< may also 

be used in combs tti nv i be i o garnn t-cydod <f as or th > xeth> 
liydroxypropyi or sulphoalky! derivatives. Typical concentrations of 
penetration enhancers are' between 0.1 and 53%, more preferably between 
0,25 to 3% i a ocl npiex 

As stated above, the selective 0 r adrenergic agonist may be used in the form 
of the ree >a« ot t - > . 1 . ills acceptable salt When acidic 
penetration enhancr- excipients axe used such as bile acids or fatty acids, 
> i ! v v sutt ft rm itio betwees the 

tj t s < i s 1 t ! is <. su 

the Me or fatty acid may occur, 

kn<*. incut* a I t x\ ^otk ph s a s i j 

of the iavention to control the > t mm ' u pH surrounding the drug 
delivers system in the aika ne tng« o as ( s 

the unionized form of the drug, as drugs in the unionized form cross 
mucosal membranes 'nc readily »o \>c o'!'.w< , imn/ed loom 

The phanmo\ v> ^ <\soo- sea may contain suitable flavouring and 



& 

> s k i tents s i i - nint ssp m > o; <yl < 

saccharin and the like. 

k r v> < i as 

magnesium stearate, calcium stearate and sodium siearyi furaarate io 
facilitate tablet compression. Diluents such as lactose, .tTiicroerystailme 
cellulose, maize starch and the like may be used, in order to prevent 

' trtC.11 ^ u 1 >> ,i C f O Si i' )l* A^\"vv 

si h > V>> ! -I i s ; H 

life: may be used in conventional concentrations. 

Typical dismtegrants to enhance sublingual or buccal tablet disintegration 
include sodium carboxymethyicelmiose, sodium starch giycoiate, 
^ >. rSa < o 1 XI am hum starch. 

Mother aspect of the invention is the specific inclusion complex of 

* < - nt 1 1 Oi. o s l i i< \-r 

powder diffraction pattern of Figure 1 or the Founer Transform Inflated 
spectrum of f igure 2 of the accompanying drawings. 

A further aspect of the invention is the specific inclusion complex of 
sal un io vtse nd2 iyc ox> > pyl-B-c clod <t n having >stauti Us 
X-rsrs povsdtu J' i 
red spectrum of Figure 6 of the accompanying drawings. 

The following examples illustrate the present invention. 
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;-uTnt<-uo T 1 - _ s ^ J ^ ''"i^ia^'-!,!,,; - » .no ii \- 

er i ft i 'n i ed » Ided in aliq 

with mixing to toon a horaogcnou paste I he pa.su * dried ;n an oven at 
40°C and atmospheric pressure. The dried complex is crushed with a pestle 
and passed through a 250ttm mesh sieve. At ail processing stages, the 
compound is protected from light. The complex contains 14,1% mass/mass 
salbutamol base ss determined bv HPLC. 

Example 2 

Sal umura I 1 irox} 1 >,6g)are 

mixed together in a mortars Purified, deiornzed water (10ml) is added in 
aHquots with mixing to form a homogenous paste. Continue grinding for 0,5 
hours. The paste is dried in an oven at 4#*C and 5 millibar. The dried 
complex is crushed with a pestle and passed through a 250um mesh sieve. 
*it all proce- ^ a ie compound o pu<kxk\i temlighl i he complex 
contains 13,24% mass/mass saibutamoi base as determined by HPLC. 

Example 3 

The unit composition of a so . ■ p i\ rnks eon cm ..■ the equ valeni <>; \ 
mg saibutamoi base is as follows; 

S dmo mV uv ut> t i o c odexttm 

complex (from Example 1} 28,5mg 

Xyiitol. 21,0 mg 

Sodium Stearyi Fumarats 0,5 mg 

The complex is blended with the xyiitol. The lubricant, sodium stearyi 
fumarate, is screened in and the mixture is blended and formed into 
. V i% or > vn, a ea P> M) N 
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Example 4 

The unit composition of a sublingual tablet containing the equivalent of 4 
rag salhutamoi base is as follows; 

,f, > , ! 1 ts > 1 1 <0 t ; v 2i 



Macrocrystalline Cellulose 8,6 mg 

Sodium Starch Glycoliate 10,0 xm 

CMtmm 0,6 mg 

Magnesium Ste&raie 0,6 'tug 



The eomplo / . - m . 1 1 Cornstarch 

giycoliate and chitosan. The lubricant, magnesium stearate, is screened in 
and the mixture is blended and formed Into sublingual tablets by 
compression at 10 - 30 N. 

Example 5 

<. 'I i ^ • ' l l v ( I gH 

mg sathutarnol base is as follows. 

\ roc ' . , > '< !• ^ • gA > < < > * \ ! 



Tromethamme 25,0 mg 

Macrocrystalline cellulose 8,2 mg 

n\tv n ->utcn , ^ oeih * 10,0 mg 

Xylito] 25,3 mg 

Menthol 0,1 mg 

Mangnesium stearate 0,6 mg 



Example 6 

Tulobuterol base (10,0 g) and randomly methylated heta-eyciodexirin 
(57,0 g) are mixed together in a mortar. Purified, deionised water (30 ml,) 



wo mmrt 



FCT/CSB97/CS2947 



23 



1 i v| joo hi , h i *v Or ndm | is 

conunutd for a tutthe? : k'i:r T \- ;ms;. - J. v er <> << , :a x>\ an J 
5 milliba! in >'i d< smplex jsh i 1 d i pssile am passed I ough 
a 250um mesh sieve. The complex contains 14<>3% mass mass tulobuterol 
base as determined by HFL£. 

Example 7 

Th l ■ s i- >!o hi ^ " > subbn uaa t el coj tainh g the equivalent of 2 
atg tulobuteroi base is as follows: 

lukmetetoH . ' < >' i i ^ n - ) mg 



The complex is blended with the xyOtoi and anhydrous lactose. The 
lubricant, sodium siearyl fumarate is screened in and the mixture is blended 
and formed into sublingual tablets by compression to 10-30R 

Inclusion complexes of the other Bj-adrenergie agonists listed above -and any 
suitable beta- or gamma-cvclodexttm can be manufactured in the same 
manner as exemplified for salbutamol and tulobuterol and can be formulated 
in the same manner as exemplified for .salbmamol and tuiobuterol. 

The procedures used to obtain the results shown in Figures 1 to ? are as 
follows: 

X-ra> powc 5 Rig * D SLs I 

oi ' . ui v i > m \ s s > i m f i uhrf>0 
Samples were mounted in AI rings, or on glass slides and run from 2° - 



Xylitoi 

Anhydrous Lactose 
Vx mi -\ : U :u an 



43,00 mg 
0,50 mg 
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52° 28, with a step size of 0.02"0 and a fixed time of Is. 

Fourier Transform infra-red transmission spectra were obtaining using a 
Perfcm ~ net Spent s Data was c< iected from 

4400 cm"' 600 cn with utic >.l n ( niot md * 

gain of 1, Samples were prepared as powders in KBr matrix and data way 
collected from diffu.se reflectance ceils. 

i ! eg Peikm 

Elmer DSC* 7 Differential Scanning Caknirnetei Sampling was done in 
rent i una mm pans (SOul 1 ting temperature v 
temperature was 20G" 5 C, and the rate of temperature increase was 
n i - . ■ I he >ns,' acnt -a, as calibrated 

with an indium standard prior to the sample being analysed. 

The • <• ^ am anergic 

agomsis :he i < i wa route has the 5 s > 1 mayc:; nv 
cnjienil} available rre.mnents: 

1 Less complicated treatment modality than inhalation, particularly when 
used during an attack and especially significant for pediatric use. 

2 Better compliance man inhalers in cases where the presence of 
excessive secretions within the airway lumen or thickening of the 
airway epithelium (due to oedema, infiltration of the mucosa by 
eosinophils and of iter mdamm aorv =.:*.> lis, hvpertrophy and hyperpd; ;.s< 

s educed access ol ! I < < t 

3 Snnilar time of onset of action when compared with inhalers and 

tk d f t ! s - ! s , tablets or syrup 

4 P< ci e a a i i kLi i u\,iU n et or ^t> do Uus < 

\ ^ o' ^ \ r . o ic metabolism. 
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5 More convenient than inhalers for use in public, 

6 More convenient than inhalers for prevention of exerd$e-induced 
b? cho ) o her< the i? \$ - ouici b* idmmi tered :» minutes before 
exercise. 
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CLAIMS 

1 S. barnt^v i s 
an active ingredient an inclusion complex of (a) a selective 8 r 
idi anergic a v 

an urasubstftuted or substituted beta- or gamma-eyciodextrm, and a 
phannaceuticaily acceptable earner for oral mucosal delivery, 

2 A pharmaceutical com position according to claim 1 wherein the 

saibutamoh roeiaproterenoL verburaline, pirbutero.1 forrnoterol, 
salmeterol, fenbntsrol orciprenaline, isoprenalme, hexoprenalme, 
reproterol, rimiterob fenoteroi, proeaierof mabuterol, bambuterol, 
bitokerot, broxateroL carbuteroh eleabiiterol, coteroL efbnuoterol 
■iJ"<\i,o, and oalubuteroi and the pharmaceutical ly acceptable salts 
thereof. 

3 \ ramm v\r\ 'o'tif'.- sen k,- bra h> v .a: - < t>; >'n, o where a 
the selective .^-adrenergic agonist is saibatamol in the form of the free 
base or in the form of a pharmaceutical^- acceptable salt. 

4 A pharmaceutical composition according to any one of claims 1 to 3 

« o the c it roup consisting o 

ir->nbs it 'tdbo si t > > utii 

methylated be; od > and moai tec t-cyclod in 

$ v pharmaceu omposhion according to any $ ! t to 3 
wherein the cyclodextrin is selected from the group consisting of 
umnbstitated gamma-e yciodextrirt, S-hydrox ypropy fated gamma- 
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o o v \ n methylated i iro i v ! ' and sufphoaikylated 
gamma-cyciodextrin. 

6 V oi s 
wherein the inclusion complex has a stoichiometry of (a) to (b) of hi 
to 1:10 mol/moi. 

7 A pharmaceutical composition according to claim 6 wherein the 
inclusion, complex has a stoiehlometry of (a) to (b) of 1:1 to 1:5 
ntoi/niol. 

8 A pharmaceutical composition according to claim ? wherein the 
inclusion complex has a stoichi&Sdary "of (a) to ..(b) of 1:1 mol/mol. 

3 A pharmaceutical composition according to any one of claims 1 to 8 
formulated in a form selected from the group consisting of a buccal 
ullc a t< ut'k. , lw^' o, or ail. a,' p Jon, a pel. a 

solution and a spray. 

10 \ pnu.u 1 t t Mivs,iO! 3v«otd >„ m Vv one oi claims \ to 9 
for use in the treatment of a reversible obstructive airways disease. 

H $ a inclusion comj t 

or a phamtaeeoticaUy acceptable salt thereof \ 1 an t n i 0 u 
o subs* ute< beta > 2 t-eycl J > in the manufacture of a 
phartnaceutieal composition for oral mucosa! delivery tor use in a 
method of treatment of a reversible obstructive airways disease. 

12 The use according to claim 111 wherein the reversible obstructive 
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airways disease is asthma or the .reversible component of chronic 
obstructive pulmonary disease:;, 

13 The t d ti™ i J o- 5 t \ v r h hK'ih >> a 

i « mst h selectee m tk > sistmg of sal 

IP »ptitLK v t ^ mv rN s< Mif si 

fenbuterol, orciprsoaime, isoprenahoe, hexoprenaiine, reproierol, 
rimiteroh fenoterol, procaierol mabuteroh bambuterof bitolterol 
brosatcro s "» s < toqerni ar J 

tulohmerol and the pharmaeeutieslly acceptable salts thereof. 

14 The use according to claim 13 wherein the selective ^adrenergic- 

i . , m the :or*n of she free base or in the form of a 
r>' v i i\'!it i ilh acceptable salt. 

15 The use according to my ooe of claims 1! to 14 wherein fhe 

v v. t h n * ! ' f s t 

i u b N 1 te , s ^ ^ beta- 

u t m , tb i bi-\i,ik : ^^Wntn 

16 The use according to any one of claims I to 14 wherein the 
eyclodexfrhi is selected from, the group consisting of uusubshtuted 
gamma-cyclodexttin, 2-hydroxypropylatcd gamma yciodextrti 
methylated garnma-cyclodextrin and sulphoalkyiated gamraa- 
cyehxksnbi. 



.17 The .u$e according to any one of claims 1 to 16 wherein the inclusion 
x ha iehiometry of (a (b) < 1 10 moMnol 
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18 The use according to clam; 1? wherein the inclusion complex has a 
sot 1 t. -\ <d'{u5 10 ! m oi' hi jo 1:5 mebmei 

19 The use according to claim 18 wherein the inclusion complex has a 
stoicMo3»etry of (a) to (b) of 1:1 mo'J/iaol 

20 The use according to any one of claims 11 to 19 wherein the 

> o - Oi t < v . . > - b r i si jo v , 

heccal tablet, a sublingual tablet, a looeoge, an adhesive paich. a geh 
a solution or a spray. 

21 ersibk >bs« ct ve 
airways disease comprising ado 

>atient an a class on <; mpiex o i) a se tive h~ac »oe k o.nis a 
a pharmacentioaliy acceptable salt thereof and (b) an unsubsnuned or 
substituted beta- or gamma ■eyclodextrin. 

22 A method according to claim 21 wherein the reversible obstructive 
iirwa; di ease js asthma or the reversible component of chronic 
obstructive pulmonary diseases. 

23 An inclusion complex of saibutamoi base and randomly substituted 

c ! \ ich ha substantial!] the X-ra] 

diffraction pattern of Figure 1 of ihe accompanying drawings or the 
- ) i-red spectrtnn o 

drawings. 



24 An inclusion complex of saibutamoi base and cdwdroxypropybbeta- 
i< buh*tantum> ft \s o^uu ds'nuem 
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jr > ^ uxxx ' ot the ^ m i - o k I k.k 

I ' i hit 5 fs. 1 ' fv ".i of Figure of Iht ^ v t 
drawings. 
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SUBSTITUTE SHEET (RULE 28| 
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SUBSTITUTE SHEET (RULE 2B} 
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SUBSTITUTI SHEET (RULE '28} 
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SUBSTITUTE SHEET (RULE 26) 
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be- .- , o - ' 5 > in 






vitro evaluation of sustained release 






bahaviour of sal butaraol * 






INT, J, PBARH,, 
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< ^ t M") <5 






* see the abstract v 
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inclusion complexes. I The 






sal but m 1 eye! dexl ~ e a t J" v< 






by ohase solubility and DSC * 
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vol. 63. 1990, 






page* ?59~266, <?092e545«o 






cited in the aool scat ion 






* see the abstract; p. 265, conclusion * 
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MARQUES £T AL : "Studies of cycl ©dextrin 
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inclusion complexes. IV. The pulmonary 






absorption of salbutamol from a complex 






with 2 -h ydroxypropy 1 - be ta -eye 1 odextri n in 






j . -barm . , 






vol. 77, 199.1, 






pages 303-307, XP0028S459? 






cued in the application 






* see the abstract; p. 387, conclusion * 
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